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METHOD AND APPARATUS FOR 
SELECTIVELY DISABILING LOGIC INA 

SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

A system-on-a-chip (“SOC) semiconductor device often 
includes Application Specific Integrated Circuit (“ASIC) 
logic which implements a plurality of functions. However, 
all of the provided functions may not be required by all users 
of the Semiconductor device. 

Thus, multiple versions of the ASIC logic are typically 
designed, with a Semiconductor device including ASIC logic 
implementing a Subset of all the functions costing less than 
the Semiconductor device including ASIC logic which 
implements all the functions. Designing multiple versions of 
the ASIC logic ensures that a user cannot purchase a cheaper 
version of the Semiconductor device and later modify the 
Semiconductor device to create the more expensive Semi 
conductor device which includes the ASIC logic which 
implements all the functions. However, designing multiple 
versions of ASIC logic is expensive. 

SUMMARY OF THE INVENTION 

Multiple configurations of a Semiconductor device can be 
provided from the same physical Semiconductor device on a 
Same die. The configuration of the Semiconductor device is 
Selected while the accessible memory in the Semiconductor 
device is being tested or after the accessible memory is 
tested. Once testing and configuration is complete, the 
Semiconductor device is packaged and no further configu 
ration change is possible. 
A method and apparatus for configuring logic in a Semi 

conductor device is presented. The Semiconductor device 
includes logic for performing a function and a fuse circuit in 
an embedded memory. The fuse circuit is coupled to the 
logic. The fuse circuit has a first State and a Second State. The 
logic is permanently disabled upon transition of the fuse 
circuit from the first State to the Second State. 

The fuse circuit is associated with embedded memory 
fuses. The fuse circuit transitions from the first state to the 
Second State while the embedded memory is being tested or 
after the embedded memory has been tested. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not nec 
essarily to Scale, emphasis instead being placed upon illus 
trating the principles of the invention. 

FIG. 1 illustrates a Semiconductor device including an 
embedded memory and Application Specific Integrated Cir 
cuit (“ASIC") logic; 

FIG. 2A illustrates an embodiment for one of the fuse 
latch circuits in the fuse circuitry in the embedded memory 
shown in FIG. 1; 

FIG. 2B illustrates another embodiment for one of the 
fuse latch circuits in the fuse circuitry in the embedded 
memory shown in FIG. 1; 

FIG. 3 is a flow chart illustrating the method for config 
uring the semiconductor device shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A description of preferred embodiments of the invention 
follows. 
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2 
A system-on-a-chip (“SOC”) semiconductor device can 

include Application Specific Integrated Circuit (ASIC) logic 
and an embedded memory. The embedded memory includes 
memory elements arranged in rows and columns. Each 
memory element in the embedded memory is identified by 
a column address for Selecting a column and a row address 
for Selecting a row. 
The memory elements in the embedded memory are 

tested before the Semiconductor device is packaged. The 
embedded memory includes redundant memory elements 
which can be used to replace defective memory elements. 
Typically, in the case of column redundancy, if a defective 
memory element is detected in a particular column, the 
entire column of memory elements is replaced by a redun 
dant column of memory elements. 
The column including the defective memory element is 

replaced by a redundant column of memory elements 
through the use of fusible links (more commonly referred to 
as fuses) which can be “blown as needed using laser or 
other technologies. The memory device is packaged after the 
memory elements have been tested and fuses have been 
blown if necessary. After the memory device is packaged, 
the State of the fuse circuitry can no longer be changed. 

FIG. 1 illustrates a semiconductor device 100 including 
an embedded memory 104 and an Application Specific 
Integrated Circuit (“ASIC") logic 102. The embedded 
memory 104 includes accessible memory 114, fuse circuitry 
112 and redundant columns 110. The accessible memory 114 
includes memory elements arranged in rows and columns. 
The memory elements in the accessible memory 114 are 

tested before the semiconductor device 100 is packaged. If 
any memory element in the accessible memory 114 fails, the 
entire column of memory elements which includes the failed 
memory element is replaced by a redundant column of 
memory elements from the redundant columns 110. The 
defective column in the accessible memory 114 is replaced 
by a column in the redundant columns 110 by blowing 
selected fuses in the fuse circuitry 112 and thereby enabling 
a redundant column address path while disabling the faulty 
normal column address path. 
The fuses in the fuse circuitry 112 are blown using a laser 

beam or other energy Source under control of the test 
program before the Semiconductor device 110 is packaged 
and cannot be altered after packaging. The use of redundant 
columns 110 to replace a defective element in accessible 
memory 114 and methods for blowing fuses in a memory 
device are well-known to those skilled in the art. 
The ASIC 102 includes logic for performing a plurality of 

functions. Logic circuits for performing function A and 
function B are shown. Function. A logic 108 is permanently 
enabled. Function Blogic 106 is enabled or disabled depen 
dent on the state of an enable signal 116 controlled by a fuse 
circuitry 112. The fuse circuitry 112 is in the embedded 
memory 104 and coupled to the ASIC logic 102 to control 
Function B logic 106 in the ASIC logic 102 
The semiconductor device 100 is manufactured with the 

state of the enable signal 116 set to “ENABLE' to provide 
a semiconductor device 100 with both function A logic and 
function B logic enabled. During testing of the embedded 
memory function B logic can be disabled to provide the 
semiconductor device 100 with only function. A logic 108 
dependent on a customer's order requirement. In one 
embodiment the semiconductor device 100 is for an Ethernet 
Switch. The function Alogic 108 implements “layer 2” mode 
logic for Switching data packets and function B logic 106 
implements “layer 3' mode logic for Switching data packets. 
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The semiconductor device for the Ethernet Switch is 
designed for both “layer 2” mode and “layer 3' mode and 
manufactured with both “layer 2” mode and “layer 3' mode 
logic enabled. A Semiconductor device for an Ethernet 
Switch with only “layer 2” mode switching is provided 
during the testing of the embedded memory in the Semicon 
ductor device for the Ethernet Switch by disabling the “layer 
3' mode logic. By including both function Alogic as well as 
function B logic on the same device and providing a way of 
Selectively enabling each functional block, all devices allo 
cated to different customers with different requirements can 
be manufactured Simultaneously, thereby Saving Significant 
manufacturing costs. 

FIG. 2A illustrates an embodiment for one of the fuse 
latch circuits in the fuse circuitry 112 in the embedded 
memory 104. This is a well-known fuse latch circuit to those 
skilled in the art. The logic state of an enable signal 116 after 
initialization of the device is dependent on whether a fuse 
202 is intact or blown. 

If the fuse 202 is intact, PMOS transistor 206 is turned on 
by an “active-low' fuse enable pulse signal /FRST that is 
derived from a power-up signal upon initialization of the 
device and as a result, node 208 is logic H. The /FRST 
Signal is normally logic 'H' and is pulsed to logic L for a 
predetermined time interval. An inverter 216 in a latch 220 
receives logic 'H' on input and generates logic L on the 
enable signal 116. A feedback inverter 218 in the latch 220 
receives logic L from output of inverter 216 and provides 
a logic 'H' on node 208 thereby latching the enable signal 
116 in logic 'L' state and the fuse pulse enable signal /FRST 
can return to a logic 'H' Standby State. 
At Some predetermined time later, after the fuse enable 

pulse signal /FRST has returned to logic 'H', a fuse set 
signal FSET 212 is applied to NMOS transistor 214. Since 
the fuse 202 is intact, a path to ground from node 208 
through transistor 214 and the fuse 202 exists, pulling the 
input to the latch 220, that is, node 208 to logic L and 
thereby generating logic 'H' output on enable signal 116. It 
is noted that for optimum operation, inverter 218 in the latch 
220 is selected to have a higher resistance than inverter 216, 
thereby allowing pull down of node 208 as previously 
described. Since the latch 220 is a full latch; that is, 
consisting of two cross-coupled inverters, the fuse Signal 
FSET 212 can also be a pulse. 

If fuse 202 is blown, PMOS transistor 206 is turned on by 
a fuse enable pulse signal /FRST that is derived from a 
power-up signal upon initialization of the device and as a 
result, node 208 is logic H. Inverter 216 receives logic 'H' 
on input and generates a logic L on enable Signal 116. The 
feedback inverter 218 in the latch 220 receives logic L from 
the output of inverter 216 and provides a logic 'H' on node 
208, thereby latching the enable signal 116 in logic “L state 
and the fuse enable pulse signal (FRST can return to a logic 
*H standby state. 
At Some predetermined time later, after the fuse enable 

pulse signal /FRST has returned to logic 'H', a fuse set 
signal FSET 212 is applied to NMOS transistor 214. Since 
the fuse 202 is blown, no path exists between node 208 and 
ground and therefore the latch 220 remains latched in the 
reset State, that is, output logic L and enable signal 16 is 
logic L. 

Thus, multiple configurations of the Semiconductor 
device 100 can be provided from the same physical semi 
conductor device 100 on a same die. The configuration of the 
semiconductor device 100 is selected while the accessible 
memory 114 in the semiconductor device 100 is being tested 
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4 
or after the accessible memory 114 is tested. Once testing 
and configuration is complete, the Semiconductor device 100 
is packaged and no further configuration change is possible. 

This allows a Single full-function Semiconductor device 
102 to be designed instead of designing completely different 
Semiconductor devices. The enable Signal 116 is an internal 
configuration signal which can only be modified during 
testing of the semiconductor device 100 by a manufacturer, 
before the semi-conductor device 100 is packaged. 

The internal enable signal 116 is non-volatile and not 
configurable after the device is packaged So that customers 
can not purchase a semiconductor device 100 with only 
function Alogic enabled and later modify the Semiconductor 
device 100 to enable function B logic. An embedded 
memory test program is configured So that the fuse 202 is not 
blown to provide a semiconductor device 100 with both 
function. A logic and function B logic enabled in the ASIC 
logic 102, and the fuse is blown to produce a Semiconductor 
device 100 with only function A logic enabled. 

FIG. 2B illustrates another embodiment for one of the 
fuse latch circuits in the fuse circuitry 112 in the embedded 
memory 104. Fuse latch circuit 240 is described in U.S. Pat. 
No. 6,141,268 issued on Oct. 31, 2000 entitled “Column 
Redundancy in Semiconductor Memories” by Chen et al., 
assigned to the same assignee as the present invention, and 
is incorporated herein by reference in its entirety. 

FIG. 3 is a flow chart illustrating the method for config 
uring the semiconductor device 100 shown in FIG. 1 while 
the embedded memory 104 (FIG. 1) is being tested. FIG. 3 
is described in conjunction with the embodiment of the fuse 
latch circuit 230 shown in FIG. 2A. A test program for 
testing the embedded memory 104 is configured to blow the 
fuse 202 (FIG. 2A) or leave the fuse 202 (FIG. 2A) intact 
dependent on the required configuration of the Semiconduc 
tor device 100 (FIG. 1). If a particular function is to be 
disabled, the fuse is blown. 
At Step 300, the executing test program determines if the 

selected configuration of the semiconductor device 100 
requires that the particular function be disabled. If So, 
processing continues with Step 302. If not, processing is 
complete. 
At step 302, the test program blows the fuse 202 (FIG. 

2A). The fuse 202 (FIG.2) is blown using a laser beam under 
control of the test program. After the fuse is blown, pro 
cessing is complete. 

After the test program has completed execution, the 
semiconductor device 100 (FIG. 1) is packaged. The state of 
the fuse 202 (FIG. 2A) cannot be altered after the semicon 
ductor device 100 (FIG. 1) is packaged. 
While this invention has been particularly shown and 

described with references to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the Scope of the invention encompassed by 
the appended claims. 
What is claimed is: 
1. A Semiconductor device comprising: 
a logic circuit for performing a logic function; and 
a fuse circuit in an embedded memory, the fuse circuit 

coupled to the logic for Selectively controlling the logic 
circuit, the fuse circuit having a first State and a Second 
State, the logic circuit being permanently disabled upon 
transition of the fuse circuit from the first state to the 
Second State wherein the fuse circuit comprises an 
embedded memory fuse circuit. 
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2. The Semiconductor device as claimed in claim 2 
wherein the state of the fuse circuit transitions from the first 
State to the Second State while the embedded memory is 
being tested. 

3. The Semiconductor device as claimed in claim 1 
wherein the state of the fuse circuit transitions from the first 
State to the Second State after the embedded memory is 
tested. 

4. A method for configuring a Semiconductor device 
comprising the Steps of: 

providing a logic for performing a logic function; 
providing a fuse circuit in an embedded memory, the fuse 

circuit coupled to the logic for Selectively disabling the 
logic function, the fuse circuit having a first State and 
a Second State; and 

permanently disabling the logic upon transition of the fuse 
circuit from the first State to the Second State wherein 
the fuse circuit comprises an embedded memory fuse 
circuit. 

5. The method for configuring a Semiconductor device as 
claimed in claim 4 wherein the state of the fuse circuit 
transitions from the first state to the second state while the 
embedded memory is being tested. 
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6. The method for configuring a Semiconductor device as 

claimed in claim 4 wherein the state of the fuse circuit 
transitions from the first State to the Second State after the 
embedded memory is tested. 

7. A Semiconductor device comprising: 
logic means for performing a logic function; and 
a fuse circuit means in an embedded memory for Selec 

tively disabling the logic means, the fuse circuit means 
coupled to the logic means, the fuse circuit means 
having a first State and a Second State, the logic means 
being permanently disabled upon transition of the fuse 
circuit from the first State to the Second State wherein 
the fuse circuit means comprises an embedded memory 
fuse circuit. 

8. The semiconductor device of claim 7 wherein the fuse 
circuit means transitions from the first State to the Second 
State while the embedded memory is being tested. 

9. The semiconductor device of claim 7 wherein the fuse 
circuit means transitions from the first State to the Second 
State after the embedded memory is tested. 


